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(57) ABSTRACT 

An underwater connector has a plug unit and a receptacle 
unit each containing a bladder member having an internal, 
oil-filled chamber in which a respective contact module is 
located. Each contact module has an end face having both 
electrical and optical contacts for contact engagement with 
corresponding contacts on the other module when the units 
are rclcasably mated together in an underwater environment. 
The bladder members each have a resilient forward end 
portion with an opening communicating with the respective 
chamber, and opposing, pivoted jaws in each unit are closed 
to compress the forward end portion to close and seal the 
opening when the units are unmated. As the units are mated, 
the jaws are opened to permit each end portion to open and 
permit the contact module of one unit to pass through the 
openings, into the chamber of the bladder member in the 
other unit, and into engagement with the other contact 
module so that all electrical and optical contacts are engaged 
for electro-optical communication between the units. 
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WET MATEABLE CONNECTOR 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation-In-Part of appli- 
cation Ser. No. 09/761,917, filed Jan. 17, 2001, which was 
a Continuation-In-Part of application Ser. No. 09/418,145 
filed Oct. 14, 1999, now U.S. Pat. No. 6,315,461. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a connector for making 
connections of fiber-optic, electrical, and hybrid electro- 
optical cables in a hostile or underwater, high pressure 
environment. 

[0003] There are many types of connectors for making 
electrical and fiber-optic cable connections in hostile or 
harsh environments, such as undersea connectors which can 
be repeatedly mated and demated underwater at great ocean 
depths. Such underwater connectors typically comprise a 
plug unit containing one or more contact probes and a 
receptacle unit containing an equivalent number of contacts 
or junctions for engagement with the contact probes, which 
extend into the receptacle unit when the units are connected 
together. Typically, the contacts or junctions are contained in 
a sealed chamber containing optically clear dielectric fluid, 
and the probes enter the container via one or more openings 
which are sealed when the units are separated. One major 
problem in designing such units is the provision of seals 
which will adequately exclude seawater and other contami- 
nation from the contact member even after repeated mating 
and demating, and also prevent fill fluid from leaking out of 
the chamber. 

[0004] A number of different sealing mechanisms have 
been proposed in the past for achieving this objective. One 
such sealing mechanism has an opening into the contact 
chamber which comprises an elastomeric tubular entrance 
surrounded by an elastomeric sphincter which pinches the 
entrance closed upon itself when the plug and receptacle 
units are in an unmated condition. On mating, the contact 
probe is forced through the opening and the sphincter 
pinches against the probe to form a seal. Although this type 
of seal is successful in some cases, it does have disadvan- 
tages. One disadvantage is that this seal does not work well 
under all hostile conditions. Another disadvantage is that 
such seals tend to lose their "memory" after repeated mating 
and demating, so that they may fail to close completely, or 
may not close quickly enough to isolate the chamber from 
the surrounding environment when the units are demated. 
Another type of known seal mechanism comprises a piston 
which moves axially into the seal opening as the units are 
demated. 

[0005] In some known underwater electrical connectors, 
such as that described in U.S. Pat. Nos. 4,795359 and 
5,194,012 of Cairns, tubular socket contacts are provided in 
the receptacle unit, and spring-biased pistons are urged into 
sealing engagement with the open ends of the socket assem- 
blies. As the plug and receptacle units are mated, pins on the 
plug portion urge the pistons back past the contact bands in 
the sockets, so that electrical contact is made. However, this 
type of arrangement cannot be used in a straightforward way 
for an optical connector since the optical contacts must be 
able to engage axially for practical purposes. 



[0006] Underwater electro-optical connectors are 
described in U.S. Pat. Nos. 4,616,900 and 4,666,242 of 
Cairns. In U.S. Pat. No. 4,666,242, the male and female 
connector units are both oil filled and pressure balanced. 
This device utilizes a penetrable seal element having an 
opening which pinches closed when the units are separated 
and seals against the entering probe when mated. Other 
known fiber-optic connectors have similar seals which are 
not suitable for use under some conditions and may tend to 
lose effectiveness after repeated mating and demating. 

[0007] Other known seal mechanisms involve some type 
of rotating seal element along with an actuator for rotating 
the seal element between a closed, sealed position when the 
units are unmated, and an open position when the units are 
mated, allowing the contact probes to pass through the seal 
elements into the contact chambers. Such connectors are 
described for example, in U.S. Pat. Nos. 5,685,727 and 
5,738,535 of Cairns. These overcome some of the reliability 
problems of penetrable seals for example, but can be too 
complex for miniaturized connectors. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a 
new and improved connector for making connections 
between optical fiber cables, electrical cables, or hybrid 
electro-optical cables in hostile environments, such as 
underwater. 

[0009] According to the present invention, an underwater 
connector is provided which comprises a plug unit having a 
forward end, a rear end, and a hollow body, a first member 
mounted in the hollow body and forming an internal cham- 
ber, the member having a resilient forward end portion 
having an opening communicating with the internal cham- 
ber, at least one probe contact member mounted in the 
chamber in alignment with the opening, a receptacle unit 
having a hollow body, a forward end, and a rear end and 
adapted for re leasable mating engagement with the plug 
unit, a second member mounted in the hollow body of the 
receptacle unit and having an internal chamber and a resil- 
ient forward end portion having an opening communicating 
with the internal chamber, and at least one receptacle contact 
member in the chamber in alignment with the opening, the 
resilient forward end portions of the first and second mem- 
bers having forward end faces in face-to-face sealing 
engagement when the units are mated together, the plug and 
receptacle units each having an actuator acting in a seal 
closing direction for compressing the resilient end portion of 
the respective member to close and seal the respective 
opening when the units are unmated, and for opening the 
openings when the plug and receptacle units are mated 
together with the end faces in sealing engagement, whereby 
at least one of the probe and receptacle contact members can 
pass through the aligned openings in the resilient end 
portions of the members to engage the other contact mem- 
ber. A clamping mechanism is provided between each actua- 
tor and the resilient end portion in the seal closing direction 
to augment the seal closing force. 

[0010] In an exemplary embodiment of the invention, the 
actuator is designed to act in a seal opening direction to force 
the member openings to open and the clamping mechanism 
to release when the end faces are in sealing engagement. In 
one embodiment, the actuator has a shaped throat designed 
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such that the resilient end portions of the members are 
constricted in the seal closing direction when the units are 
mated, forming an elongated shape with a slit-like closure. 
When the units are connected together, the members travel 
through the actuator throats into a position in which they are 
compressed in a perpendicular, seal opening direction, forc- 
ing the openings to open. The actuator throat may be of 
gradually tapering, oval shape in order to compress the 
resilient end portions and close the openings, with an 
adjacent region of circular cross section which will com- 
press the outer ends of the elongated end portions and force 
them back into a circular shape, forcing the openings back 
into an open configuration. By elongating the seal opening 
in a direction transverse to the seal closing direction, it can 
more readily be compressed into a slit-like shape without 
bunching up of excess material al the ends of the slit. Such 
bunching up can be a problem since the seal end face will 
then no longer be flat and smooth. In an exemplary embodi- 
ment, the openings each have a cross-section which is 
elongated in a direction transverse to the seal closing direc- 
tion and may be generally eye -shaped, with pointed opposite 
ends. However, the openings may be circular or of other 
shapes in alternative embodiments. 

[0011] Bunching up of the resilient seal material at the seal 
end face can still be a problem when the connector is 
enlarged for making a large number of contacts, due to the 
increased material needed at the end portion of the seal. The 
additional clamping mechanism reduces this problem, 
reducing the amount of material required for the seal. In one 
embodiment of the invention, the clamping mechanism 
comprises a pairpf rigid hinged jaws, one on each side of the 
seal end portion in the seal closing direction. The actuator 
acts on the resilient end portion of the seal through the rigid 
jaws, urging the jaws towards one another in the seal closing 
direction, with the jaws urging the end portion of the seal 
closed. Thus, the end portion of the seal can be made thinner, 
and is no longer cylindrical but elongated in the same 
direction as the seal opening. Hinged jaws are provided for 
increasing the sealing force on both parts of the connector. 

[0012] Preferably, one of the actuators is slidably mounted 
in the respective body of a first one of the plug and 
receptacle units and movable between an extended position 
in which the tapered throat engages the respective member 
end portion to squeeze the opening shut, and a retracted 
position in which the throat is pushed back over the end 
portion and the adjacent portion forces the opening to open. 
The member in the other, second unit is also slidably 
mounted for movement between an extended position in 
which the resilient end portion is engaged in the actuator 
throat and the opening is squeezed shut, and a retracted 
position in which the resilient end portion is retracted from 
the actuator throat and forced to open by an adjacent, 
circular part of the actuator. In operation, the end of the 
second unit engages the slidable actuator in the first unit to 
push it back as the two units are secured together. At the 
same time, the end of the member in first unit engages the 
end of the retractable member in the second unit, pushing it 
back into the retracted position so that both member open- 
ings are forced open. The contact element in the second unit 
travels through the open ends of the members to contact the 
corresponding contact element in the first unit. 

[0013] In one embodiment of the invention, each actuator 
has a through bore having a forward end, and an inwardly 



tapering throat portion extending up to the forward end to 
squeeze the opening of the resilient end portion of the 
respective first or second member into the sealed and closed 
condition. The throat portion is preferably of oval, tapering 
cross-section up the forward end. The hinged jaws have 
opposing sides for squeezing the respective opening into a 
slit-like closure. The opposing sides of the jaws may be flat, 
or may be of other shapes or knurled. The throat portion on 
one unit may be formed integrally or secured in the hollow 
body of the unit, while the other unit has a separate throat 
member slidably mounted in the body and automatically 
moved into the extended position when the plug and recep- 
tacle units are separated. Instead of forming the actuator as 
an inwardly tapered, oval bore or throat, alternative actuator 
mechanisms such as leaf springs or the like may be provided 
for squeezing the openings shut. 

[0014] The connector may be a single circuit connector 
with a single contact probe on one side for contact with a 
single contact on the other side, or may be a multiple contact 
connector with electrical, optical, or both electrical and 
optical contacts to form a hybrid elctro-optical connector. In 
the latter case, both the plug and receptacle units may have 
multiple members forming chambers for the respective 
contact elements, and actuators for squeezing the end por- 
tions of the respective members closed when the units are 
disconnected. Alternatively, multiple circuits could be 
grouped within one member which is opened and closed by 
a single actuator. In an exemplary embodiment, both elec- 
trical and optical contacts may be mounted in the same oil 
filled chamber of the first and second members. 

[0015] In an exemplary embodiment of the invention, the 
plug and receptacle units each contain a base module which 
extends into the respective chamber and on which a set of 
electrical contacts and an optical contact unit are mounted. 
The chamber is oil-filled so that the contact faces are always 
immersed in oil. The optical contact units may each com- 
prise a ferrule housing in which a plurality of optical fibers 
are terminated, each housing having an end face with plural 
optical contacts for engagement with corresponding contacts 
on a mating end face of the other housing when the plug and 
receptacle units are connected together. This arrangement 
allows more electrical power to be transmitted and also 
permits a larger number of optical fibers to be connected via 
a relatively small connector package. 

[0016] The connector apparatus of this invention is suit- 
able for various undersea applications, such as connection of 
undersea telecommunications cables, oceanography 
research applications, submarine systems, and the offshore 
oil and gas industry. The invention avoids the need for 
complex rolling seal or stopper arrangements for sealing the 
connector, and is of much simpler construction than previ- 
ous underwater connectors. All that is required in this 
invention to seal all of the contacts is a simple opening in a 
resilient end portion of a contact chamber, which is pinched 
closed in one position, and pushed away from the pinching 
device and forced open in a second position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The present invention will be better understood 
from the following detailed description of some exemplary 
embodiments of the invention, taken in conjunction with the 
accompanying drawings in which like reference numerals 
refer to like parts and in which: 
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[0018] FIG. 1 is a perspective view of the receptacle 
component of the connector according to an exemplary 
embodiment of the invention; 

[0019] FIG. 2 is a perspective view of the plug component 
of the connector of FIG. 1; 

[0020] FIG. 3 is a sectional view taken on line 3-3 of FIG. 
1; 

[0021] FIG. 4 is a sectional view taken on line 4-4 of FIG. 
2; 

[0022] FIG. 5 is a sectional view showing the structure of 
FIGS. 3 and 4 connected; 

[0023] FIG. 6 is a top view of FIG. 5 with portions cut 
away and showing the initial connection of the two portions; 

[0024] FIG. 7 is a right hand end view of FIG. 5; 

[0025] FIG. 8 is a top view of the structure of FIG. 6 with 
portions cut away; 

[0026] FIG. 9 is similar to FIG. 8 but showing the 
components fully connected; 

[0027] FIG. 10 is a perspective view of the core element 
of FIG. 3; 

[0028] FIG. 11 is a perspective view of the core element 
of FIG. 4; 

[0029] FIG. 12 is a left hand view of FIG. 11, the right 
hand end view of FIG. 10 being the reverse; 

[0030] FIG. 13 is a front end view of the receptacle unit 
illustrating the end seal in the open position of FIG. 5, with 
the closed position illustrated in dotted outline; 

[0031] FIG. 13A illustrates an alternative end seal open- 
ing shape; 

[0032] FIG. 13B illustrates another alternative end seal 
opening shape; 

[0033] FIG. 14 is a sectional view of the core module of 
the receptacle unit on lines 14-14 of FIG. 10; 

[0034] FIG. 15. is a sectional view of the core module of 
the plug unit, on lines 15-15 of FIG. 12; 

[0035] FIG. 16 is a perspective, exploded view of the 
parts of a modified plug unit, with the parts shown separated; 

[0036] FIG. 17 is an enlarged partial end view of the stand 
oflf member of FIG. 16, on the lines 17-17 of FIG. 16; 

[0037] FIG. 18 is a sectional view of the assembled plug 
unit; and 

[0038] FIG. 19 is a sectional view of the plug unit of 
FIGS. 16 to 18 connected to the receptacle unit. 

[0039] FIG. 20 is a top view of the internal structure of a 
connector according to another exemplary embodiment of 

the invention, with the units in a fully engaged condition; 

[0040] FIG. 21 is a side view of the structure of FIG. 20, 
but in an initially engaged position, prior to opening of the 
seals; 

[0041] FIG. 22 is a sectional view similar to FIG. 4,but 
with the plug unit structure of FIGS. 20 and 21; 



[0042] FIG. 23 is a sectional view similar to FIG. 3, 
showing the receptacle unit of FIGS. 20 and 21 in the 
unmated, closed condition; 

[0043] FIG. 24 is a perspective view of the internal 
stand-off used in FIG. 23; 

[0044] FIG. 25 is a perspective view of the internal 
stand-off used in the plug unit of FIG. 22; 

[0045] FIG. 26 is an enlarged sectional view taken on line 
26-26 o FIG. 20; 

[0046] FIG. 27 is a sectional view taken on line 27-27 of 
FIG. 21; 

[0047] FIG. 28 is an end view of the receptacle unit in the 
unmated, closed condition; and 

[0048] FIG. 29 is a an end view on lines 29-29 of FIG. 21 
with the seal and jaws in the open position. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0049] FIGS. 1 to 15 of the drawings illustrate a wet- 
maleable electro-optical connector according to an exem- 
plary embodiment of the present invention, which is par- 
ticularly designed for use in subsea environments. The 
connector is suitable for various applications, including 
subsea telecommunications, oceanography research appli- 
cations, submarine systems, and the offshore oil and gas 
industry. The connector may also be used in other harsh 
environments such as splash zones or other volatile or 
corrosive environments, since the optical and electrical 
contacts remain sealed in an oil-filled chamber at all times. 

[0050] The illustrated connector can connect multiple 
electrical and optical circuits, and has higher capacity than 
prior art underwater connectors. It may be designed to 
connect any desired number of optical and electrical circuits. 
However, in alternative embodiments, it may be designed to 
connect only optical or only electrical circuits. 

[0051] The connector basically comprises a receptacle 
unit 10 as illustrated in FIGS. 1 and 3, and a plug unit 12 
as illustrated in FIGS. 2 and 4, which are designed to be 
releasably connected together as illustrated in FIGS. 5 to 9. 
FIGS. 10 to 12 illustrate the core members of the two units 
10 and 12 which carry the various electrical and optical 
contacts, as will be explained in more detail below. 

[0052] The receptacle unit will first be described in more 
detail with reference to FIGS. 1, 3 and 6. Unit 10 basically 
comprises an outer cylindrical shell 14 having a bore 15 in 
which a core module or element 16 is mounted to extend 
from rear end wall 18 towards the front end face 20 of shell 
14. The core module 16 is fixed to the rear end wall and 
houses the electrical and optical contacts as well as the 
conductive leads and fibers extending from the contacts 
through the module to the rear end 25 of module 16, as will 
be described in more detail below with reference to FIGS. 
10 and 14. Electrical terminals 22 and an optical fiber feed 
through 24 to the module are provided at the rear end, as 
illustrated in FIG. 3. 

[0053] The forward end of bore 15 is shaped to form a 
tapered throat portion 26 extending up to an oval opening 28 
in the front end face of the shell. The shape of the tapered 
throat portion is identical to that described in co-pending 
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application Ser. No. 09/418,145, the coDtents of which are 
incorporated herein by reference. 

[0054] A first bladder or resilient sleeve member 30 has a 
rear end secured to the rear end wall 18 and projects 
forwardly over module 16 with its forward end secured in a 
sliding seat 32 slidably mounted in receptacle bore 15. 
Sleeve member 30 defines a first oil-filled chamber 33 
within the receptacle bore 15. A second bladder or resilient 
sleeve member 34 has a rear end secured to the sliding seat 
32, a flexible bellows portion 35 which is relatively thin- 
walled and forms a second oil-filled chamber 36, and a 
relatively thick walled, resilient, cylindrical end portion 38 
located in the throat portion 26 of the shell in the advanced 
position illustrated in FIG. 3. The end portion 38 has a 
through bore 39 communicating at one end with the chamber 
36, and forming a sealable opening 40 at the opposite end. 
Opening 40 is of generally elongated, eye-like shape when 
fully open as illustrated in solid outline in FIG. 13. The 
opening is squeezed shut by the throat portion 26 of the shell 
when in the extended position illustrated in FIG. 1, in which 
opposite portions of opening 40 are squeezed inwardly 
towards one another into face to face sealing engagement by 
the inwardly tapered shape of throat portion 26 to form a 
straight, sealed slit 41, as indicated in dotted outline in FIG. 
13. Referring to FIG. 13, when the end portion 38 is within 
the oval opening 28 in the end face of the shell, it will be 
squeezed to form a corresponding oval shape as indicated in 
dotted outline in FIG. 13. If force is applied to opposite ends 
of the oval shape, as indicated by the arrows, the portion 38 
is squeezed inwardly to adopt a more cylindrical shape, 
causing the opening 40 to open into the shape illustrated in 
the drawing. 

[0055] An outer cylindrical sleeve or cover 42 is bonded 
at one end over the cylindrical end seal portion 38 of the 
bladder 34. The opposite end of cover 42 is snap-engaged in 
an annular outer groove 44 on the sliding seal member. The 
sleeve or cover 42 is of a material which is radially resilient 
but has axial strength to resist compression in an axial 
direction. One suitable material for sleeve 42 is Hytrel®, 
manufactured by DuPont Corporation, Wilmington, Del. 
Thus, the cylindrical end seal portion will be carried back 
and forth in the bore 15 of the receptacle shell by the sliding 
seat 32 as it moves between the extended position of FIG. 
3 and the retracted position of FIG. 5. 

[0056] The sliding seat 32 has a pair of diametrically 
opposed, radially projecting pins 45 which are slidably 
engaged in opposing, longitudinally extending slots 46 in 
base of a groove 47 in the outer shell 14. The sliding seat 32 
is biased by biasing spring 48 which acts between the rear 
end wall of the shell and an annular inner shoulder 49 in the 
sliding seat. Since the sliding seat 32 carries the forward end 
of bladder 33, movement of seat 32 into the extended 
position will also extend the chamber within first bladder 33. 
Thus, spring 48 acts to hold out the bellows portion of 
bladder 33 in the extended position of FIG. 3. The alignment 
pins 45 will ensure that the end seal portion 38 of the bladder 
34 is properly oriented relative to the throat portion 26 of the 
bore .15 when moving back into the extended position, such 
that the longitudinal axis of the opening 40 is parallel with 
the longitudinal axis of the elongate or oval front opening 28 
of the slot, and force is applied by the gradually tapering 
throat in a direction transverse to the arrows in FIG. 13, so 
as to seal the opening 40 shut into the condition illustrated 



in FIGS. 1 and 3, as will be discussed in more detail below. 
Each slot 46 has a tapered lead-in or ramp 50 at its forward 
end, as best illustrated in FIGS. 1 and 8. 

[0057] The receptacle shell also has a longitudinal keyway 
52 extending from its forward end face 20, as best illustrated 
in FIG. 1. A pair of aligned elongate slots or indents 54 
extend from the outer periphery of end face 20 partially 
across the end face on opposite sides of opening 28, in a 
direction transverse to the longitudinal axis of opening 28. 
The shell 15 also has an annular locking groove or indent 55 
spaced rearwardly from the end face 20. A plurality of fill 
plugs 56 adjacent the rear end of the shell are connected with 
internal passageways (not illustrated) in the rear wall to 
allow oil to be supplied to bladder chambers 33 and 36. 

[0058] The plug unit 12 will now be described in more 
detail with reference to FIGS. 2 and 4. Plug unit 12 
basically comprises an outer cylindrical shell 60 having a 
bore 62 in which a core module or element 64 is mounted to 
extend from rear end wall 65 towards the open front end 66 
of shell 60. The core module 64 is fixed to the rear end wall 
and houses the electrical and optical contacts as well as the 
conductive leads and fibers providing connection from elec- 
trical terminals 68 and optical fiber pass through 70 at the 
rear end 72 of module 60 to the respective contacts, as will 
be described in more detail below with reference to FIGS. 
11 and 15. A resilient bladder 74 has a rear end 75 secured 
to rear end wall or base 65, and projects forwardly over the 
module 64, terminating in a cylindrical end seal portion 76 
forming an oil-filled chamber 78 within which the module is 
sealed to protect the electrical and optical contacts. 

[0059] The bladder has a thin-walled, bellows-like portion 
extending along most of its length for pressure compensa- 
tion purposes. The forward seal portion 76 is relatively thick 
walled and has a forward end opening 80 which is of the 
same shape as the opening 40 in the receptacle seal portion 
38 when open. An outer cylindrical protective sheath or 
cover 82 is secured over the bladder 74, and has an annular 
rib at its rear end secured in an annular groove in the rear end 
wall 65 of the shell. The forward end of the sheath is bonded 
over the cylindrical seal portion 76 of the bladder. As with 
sheath or sleeve 42 of the receptacle, the sheath 82 is of a 
material which is radially resilient but has axial strength to 
resist compression, and the material may be the same as that 
of sleeve 42. 

[0060] The forward end portion 76 of the sleeve engages 
in a throat or through bore 84 in an actuator or throat 
member 85 which is slidably mounted in the plug shell bore 
62 and which is releasably locked in the extended position 
illustrated in FIG. 4 by a ball locking assembly 86. The 
actuator 85 has a front end face 88 which is spaced rear- 
wardly from the open front end 66 of the shell. The throat 84 
has opposing tapered side portions which taper inwardly 
from the rear end to the front end face of the actuator, 
terminating in an oval opening 90 of identical shape to the 
opening 28 in the front end face of the receptacle shell. 
When the end seal portion 76 of the bladder is located in the 
actuator throat as in FIGS. 2 and 4, the tapered portions of 
the throat will compress opposing regions of the end portion 
inwardly to seal the opening 80 closed, forming a straight, 
sealed slit as indicated in FIG. 2. 

[0061] A locking collet 92 is mounted on the forward end 
of the actuator 85 and projects forwardly from the actuator 
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front end face for releasable engagement in the annular 
locking groove 55 of the receptacle shell when the two shells 
are mated together, as will be discussed in more detail below. 
The sleeve or collet 92 is a generally cylindrical member, 
having a series of inwardly directed slits extending from its 
forward end to define a series of spaced resilient fingers 95. 
The collet has an annular rib 96 at its outer end which 
engages in an annular groove 97 in the shell bore 62 in the 
position illustrated in FIG. 4. A corresponding, inwardly 
directed annular rib 98 at the outer end of the collet is 
designed for snap engagement in the locking groove 55 of 
the receptacle shell. 

[0062] In the position illustrated in FIG. 4, the ball 
locking assembly 86 holds the sliding actuator in the 
advanced position and prevents axial or rotational move- 
ment of the actuator in the plug shell. The assembly 86 
basically comprises a pair of ball actuator pins 100 which are 
slidably mounted in bores in actuator 85 so as to project 
outwardly from the front end face 88 of the actuator, as 
illustrated in FIGS. 2 and 4. The pins 100 are biased 
outwardly into the advanced position of FIGS. 2 and 4 by 
actuator lock springs 102 which act between the inner end of 
the respective actuator bore and the inner end of the respec- 
tive pin, as indicated in FIG. 4. Each ball locking assembly 
86 includes a latch ball 104 movably mounted in a radially 
inwardly extending bore 105 in the actuator which commu- 
nicates with the axially extending bore in which the pin is 
mounted. Corresponding bores 106 in the plug shell 60 are 
aligned with the respective bores 105 in the actuator, and the 
balls project partially into the bores 106 when the pins are 
in the advanced position illustrated in FIG. 4, locking the 
actuator against rotation or axial sliding movement. 

[0063] A pair of opposing, inwardly directed leaf springs 
108 are provided in the plug shell adjacent the open forward 
end 66, as indicated in FIGS. 2, 4, 8 and 9. These are 
designed for engagement in the slots or axial grooves 46 in 
the receptacle shell behind alignment pins 45 of the sliding 
seat when the units are coupled together, as will be described 
in more detail below with reference to FIGS. 8 and 9. The 
leaf springs 108 avoid the need to have a return spring which 
is entirely responsible for the return of the sliding seat of the 
receptacle, making construction simpler and the return 
operation more reliable. The projecting forward end portion 
of the plug shell also has an inwardly directed key pin 110 
designed for engagement in the keyway 52 of the receptacle 
shell for proper alignment as the units are connected. Mount- 
ing screws 112 adjacent the rear end of the shell are used to 
connect the rear end wall or base wall 65 to the open rear end 
of shell 60, and fill ports 114 are provided for filling the 
bladder chamber 78 with oil. 

[0064] The plug core module 64 is illustrated in more 
detail in FIGS. 10, 11 and 15 and is a single or unitary body, 
housing the conductive leads and optical fibers extending 
from the electrical terminals 68 and through optical fiber 
feed through 70 at the rear end of module 64 to the 
respective electrical contact probes 115 and optical contact 
assembly 116. The com act probes 115 project side by side 
and forwardly from the front end face of the module 64. 
Module 64 is a generally cylindrical, elongate member of 
high strength, strong plastic material such as PEEK® which 
has a semi-cylindrical cut-out 117 extending from its front 
end face rearwardly. Cut-out 117 has a flat, inner axial face 
118 and a Hat rear end face 119. A matching, generally 



semi-cylindrical optical ferrule seal 120 is secured in the 
front end of cut-out 117 via mounting screws 122, such that 
the forward end of the module is still of generally cylindrical 
shape, with a front face 124 aligned with the forward end of 
the module. Seat 120 has a generally rectangular portion 125 
which projects forwardly from frontface 124 and has a 
corresponding rectangular bore containing a multiple fiber 
or ribbon fiber optical ferrule 126 forming the female part of 
an optical fiber connector of a type available from various 
companies, such as AMP of Harrisburg, Pa. or FCI Berg of 
Etters, Pa. or of an optical connector assembly as described 
in my co-pending application entitled "Optical Fiber Con- 
nector Assembly" filed on even date herewith, the contents 
of which are incorporated herein by reference. An optical 
fiber bundle or ribbon fiber 128 extends from the rear end of 
the module 64 through an epoxy-fillcd bore 130, through the 
cut-out 117, and through the seat 120. The forward ends of 
the fibers in bundle 128 are epoxied into respective optical 
contact bores in the front end face of the ferrule 126 and 
modulated to form optical contact faces flush with the 
female end face. The front end face of the ferrule 126 also 
has a pair of alignment holes 131 for the mating ferrule, as 
described below. 

[0065] The optical ferrule 126 is spring-loaded by spring 
132 to ensure good optical contact between the contact faces 
in ferrule 126 and the optical contact faces in the receptacle 
unit ferrule when the units are mated together. The portion 
of the optical fiber bundle 128 extending through the cut-out 
117 between the epoxy-filled bore 130 and the optical ferrule 
seat 120 is free and not constrained, and allows some free 
play in the fiber bundle so that it can bow slightly to permit 
a slight rearward movement of ferrule 126 as the parts are 
connected together, compressing spring 132 slightly. 

[0066] The module 64 has two, axially extending, side- 
by-side bores 133 through which respective electrical con- 
tact shafts 134 project, each shaft 134 terminating at a 
conductive tip 136 at the forward end of the probe 112. 
Probe 112 has an outer protective shell 138 of dielectric 
material which extends from module 64 and terminates short 
of the conductive tip 136. A greater or lesser number of 
electrical contact probes may be provided in alternative 
embodiments. Each conductive shaft 134 is suitably con- 
nected to a conductive wire at the end of an electrical cable 
140 at the rear end of the plug shell in a conventional 
manner. 

[0067] The conductive tips 136 of the electrical contact 
probes 115 and the optical contact sockets of the ferrule 126 
are all sealed in the single, oil -filled and pressure compen- 
sated chamber within the bladder 74 when the plug unit is 
unmated, as in FIG. 4. In the unmated condition, the front 
end opening 80 of the forward end seal portion 76 of the 
bladder is sealed shut by the throat 84 of the sliding actuator 
85, which is held in position by the ball locking assembly 86. 

[0068] The receptacle contact or core module 16 will now 
be described in more detail with reference to FIGS. 10 and 
14. Module 16 includes a cylindrical base portion 150 
having a generally arcuate slot or cut-out 152 extending 
from its forward end 154 along the majority of its length, a 
cylindrical seat portion 155 axially aligned and spaced 
forwardly from the base portion 150 by spacer rods 156, and 
a cylindrical face plate portion 158 secured to seat portion 
155 by mounting screws 160. A pair of aligned through 
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bores 162 extend through the base, seat and face plate 
portions of the module, and an electrical socket assembly 
164 is mounted to extend through each of the through bores 
162. The seat portion 155 also has a through bore 165 
aligned with the slot 152 and the face plate portion has a 
rectangular through bore 166. An optical ferrule assembly 
168 mounted in the through bores 165 and 166 has optica! 
contacts, in forward end face 169 formed at the ends of 
multiple optical fibers in a ribbon fiber 170 extending 
through an epoxy-filled bore 172 in base portion 150, slot 
152, and into bore 165 in seat portion 155, and through the 
ferule. 

[0069] Each electrical socket assembly extends through 
the aligned bores 162 in each of the module portions 
150,155 and 158. A conductive member 176 projects from 
the rear end of the housing, where it is connected to an 
electrical wire in cable 178. A generally cylindrical bladder 
179 of flexible, elastic nonconductive material extends for- 
wardly from the rear end of the module over each conductive 
member. Each bladder 179 forms an electrical contact cham- 
ber within which an electrical socket structure is disposed. 
The bladder 179 has an enlarged, annular end seal 180 at the 
forward end of the respective housing, and the chamber 
within the bladder is filled with dielectric fluid of the type 
described in U.S. Pat. No. 5,645,442 of Cairns. A dielectric 
stopper 182 is slidably mounted in the bladder to project into 
the end seal 180, and is biased outwardly by a spring 184 
which acts between the conductive member 176 and the 
stopper 182. A cylindrical conductive tube 185 extends 
forwardly from conductive member 176 within the bladder, 
terminating in an annular conductive contact band 186 
slidably engaged over the dielectric stopper. 

[0070] The optical contact or ferrule assembly 168 basi- 
cally comprises a multiple fiber or ribbon fiber optical 
ferrule 188 forming the male part of an optical fiber con- 
nector of a type available from various companies, such as 
AMP or FCI Berg or of an optical connector assembly as 
described in my co-pending application entitled "Optical 
Fiber Connector Assembly" filed on even date herewith, the 
contents of which are incorporated herein by reference. The 
forward ends of the fibers in bundle or ribbon 170 form to 
respective optical contact faces in the front end face of the 
ferrule 188. The front end face of the ferrule 188 also has a 
pair of alignment posts 190 for engagement in the alignment 
holes 131 of the mating female ferrule, as described below. 

[0071] The optical ferrule 188 is spring- loaded by a spring 
192 to ensure good optical contact between the contact faces 
in ferrule 188 and the contact faces in ferrule 126 when the 
units are mated together. The portion of the optical fiber 
ribbon or bundle 170 extending through the slot 152 in the 
base portion and the space between the base portion and seat 
portion 155 between the epoxy-filled bore 172 and the 
optical ferrule is free and not constrained, and allows some 
free play in the fiber bundle so that it can bow slightly to 
permit a slight rearward movement of ferrule as the parts are 
connected together, compressing spring 192 slightly. The 
.mating male and female ferrules preferably each have 
matching, slightly angled end faces for mating engagement 
as the units are mated together. 

[0072] The optical connector assembly of this embodi- 
ment therefore has optical and electrical contacts mounted in 
a single basic module in each of the receptacle and plug 



units, and sealed in a single, oil-filled bladder, rather than 
requiring completely separate seals and chambers for the 
electrical and optical contacts as in the prior art. The optical 
ferrule assemblies allow a plurality of fibers in two optical 
cables to be releasably mated together. Each fiber ribbon 
may contain up to forty eight separate optical fibers, pro- 
viding much greater capacity than prior art underwater 
optical connectors. The electrical probe and socket assem- 
blies and the optical contact assemblies are designed to 
allow more electrical power and a larger number of optical 
fibers to be connected in a smaller overall package than was 
previously possible. 

[0073] The mating sequence of the plug and receptacle 
units will now be described in more detail, with reference to 
FIGS. 3 to 9 and 13. The plug and receptacle units 10,12 are 
shown separate and in unmated condition in FIGS. 3 and 4. 
In this condition, each chamber 33,78 containing the optical 
and electrical contacts is sealed and the forward end seal 
portion 38,76 of the respective bladder is squeezed shut by 
the inwardly tapering wall portions of the fixed throat 26 in 
the receptacle and the throat 84 in the slidable actuator 85. 
The opposing surfaces of the oval forward end openings 
40,80 are therefore pressed against one another to form a 
straight line seal 41. The front end faces 194,195 of the 
respective forward end seal portions 38,76 are preferably 
slightly convex or bulged outwardly, as illustrated in FIGS. 
3 and 4. 

[0074] As the units are brought together, the front end of 
the receptacle shell 14 will first engage in the open forward 
end 66 of the plug shell 60. The key pin 110 in the forward 
end portion of the bore 62 must be aligned with the keyway 
52 on the receptacle shell for the units to be mated, ensuring 
that the front end faces 20 and 88 of the receptacle shell and 
plug actuator 85 are properly aligned. The key pin 110 will 
then engage in keyway 52, and at the same time, the leaf 
springs 108 will be urged outwardly to travel over the outer 
surface of shell 14. As the front end faces 194,195 of the end 
seal portions of the two units are brought into face -to- face 
engagement, the ball actuator pins 100 will engage in slots 

54 on the front face of the receptacle, and the rib 98 of the 
locking collet 92 will engage in the annular locking indent 

55 on the receptacle shell, as indicated in FIG. 6. As the 
receptacle unit is forced inwardly, the slots 54 on the front 
face of the receptacle shell will bear against the ball actuator 
pins 100, urging them inwardly to compress springs 102 
until the larger, rear end portions 196 of the pins 100 are 
spaced inwardly from the ball retaining bores 105 in the 
actuator, allowing the balls 104 to drop inwardly from the 
shell bores 106, as indicated in FIG. 6. This releases the 
actuator 85 so that it is free to slide axially inwardly into the 
plug shell, while at the same time the pins 100 engaging in 
slots 54 will prevent relative rotational movement between 
the actuator 85 and the receptacle shell. 

[0075] As the receptacle unit is urged further inwardly 
from the position illustrated in FIG. 6, the leaf springs 108 
will snap into the respective opposing axial slots 46 in the 
receptacle shell behind the alignment pins 45 of the slidable 
actuator 85, as illustrated in FIG. 8. At the same time, the 
face-to-face engagement between the forward end faces of 
the end seal portions 38 and 76 will form a seal, and the 
forward end 20 of the receptacle shell will push the actuator 
85 inwardly. At the same time, the forward end portion 76 
of the bladder 74, which is held outwardly in the advanced 
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position by the axially rigid outer sheath 82, will push the 
forward end portion 38 of bladder 34 inwardly, compressing 
bladder 30 and internal spring 48. As this inward motion of 
the receptacle shell continues, the locking collet 92 will be 
forced out of groove 97 and inwardly into the plug shell bore 
62, which will act to lock the rib 98 in the locking indent 55 
in the receptacle shell and hold the end faces of the sealing 
end portions in sealing engagement during mating. 

[0076] At the same time, the throat of the sliding actuator 
85 will slide inwardly into the plug shell over the forward 
end portion 76 of bladder 74, and both of the forward end 
portions 38 and 76 will slide completely through the throat 
portion 26 at the front end of the receptacle shell, and into 
a cylindrical portion of the shell bore 15 to the rear of throat 
portion 26. The diameter of bore 15 is less than the axial 
length of the end portions 38 and 76 when compressed into 
the elongated shape illustrated in dotted outline in FIG. 13, 
such that the bore 15 will act to urge opposite ends of the end 
portions 38 and 76 inwardly in the direction of the arrows in 
FIG. 13, causing each end portion to adopt the cylindrical 
shape illustrated in solid line in FIG. 13, and forcing the 
respective end openings 80 and 40 to open into the eye- 
shaped configuration of FIG. 13. The mating forward end 
portions of each of the bladders will also slide rearwardly 
over the fixed core module 16 in the receptacle unit, into the 
position illustrated in FIG. 5, in which the core modules 16 
and 64 are brought into mating engagement. In this position, 
the electrical contact probes 115 enter the forward end 
openings of the end seals 180 of the receptacle socket 
assemblies, urging the stoppers 182 inwardly so that the 
conductive tips 136 are in electrical contact with the contact 
bands 186, establishing electrical connection between the 
plug and receptacle units. 

[0077] At the same time, the male and female optical 
ferrules 188 and 126 will also be brought into mating 
engagement, with ferrule 126 entering bore 166 at the front 
end of the receptacle module 16 and the alignment posts 190 
on the male ferrule 188 entering the alignment holes 131 in 
female ferrule 126. The optical contacts on the ferrule 188 
will engage with the aligned optical contacts in the end face 
of ferrule 126, providing optical communication between all 
the fibers in ribbons 128 and 170. 

[0078] As the end portions of the seals are opening and the 
modules are coming into mating engagement, the leaf 
springs 108 will travel along the grooves 46 from the 
forward end to the rear end, as indicated in FIGS. 8 and 9, 
while the alignment pins on the sliding seat 32 will travel 
from the forward end to the rear end of slot 47. The springs 
108 will therefore be positioned behind the respective pins. 
When the units are disconnected, the receptacle unit is 
pulled out of the plug shell, so that the springs 108 will move 
back along grooves 46 in the opposite direction, returning 
the bladder 30 to its extended position and also returning the 
end portion 38 of bladder 34 to the throat 26. This avoids the 
need for a large return spring in the receptacle bore. Instead, 
a smaller, lighter spring 48 only is used, which can be 
enclosed in the bladder chamber 33 so thai it is constantly 
bathed in oil. Spring 48 is used only to hold out the bladder 
in the extended position, and to apply force so as to squeeze 
the end faces 195 and 196 together when the units are mated. 
The spring is axially guided by the core module 16. The 
angled ramps 50 at the forward ends of grooves 46 act to 
guide the leaf springs 108 upwardly out of the grooves 46 



and away from the pins 45 after the seat has been returned 
to its extended position, reducing the risk of the springs 108 
jamming in the grooves 46. 

[0079] At the same time as the seat 32 is being returned to 
its extended position, the receptacle shell 14 is being with- 
drawn from the plug shell bore 62. Since the receptacle shell 
14 is still coupled to the sliding actuator 85 in the plug unit 
by collet 92, it will also act to pull the actuator back 
outwardly to its advanced position over the end seal portion 
76 of bladder 74. The receptacle core module 16 will also be 
retracted away from module 64, disconnecting the electrical 
and optical contacts in the two modules. As the throat of 
actuator 85 engages over end portion 76 and the end portion 
38 of bladder 34 moves back outwardly into the throat 26 of 
the receptacle shell, the opposing tapered portions of the two 
throats will squeeze the end portions 38 and 76 back 
inwardly into the elongated, sealed shut condition of FIGS. 
1 and 2, and as illustrated in dotted outline in FIG. 13. The 
eye-like shape of the openings 40 and 80 ensures that they 
can be squeezed shut more readily, without any bunching up 
of material which may occur if a round opening is squeezed 
shut in a similar, straight line manner, providing a better face 
to face seal between opposite side portions of the opening. 
Thus, as the module 16 is retracted back into the bladder 
chamber 36, the end portion 38 will be squeezed shut, as will 
the end portion 76 of bladder chamber 78. 

[0080] As the end portions 38 and 78 are both sealed shut, 
the locking collet will reach the release groove 97 in the plug 
shell bore, allowing the collet to spring back out of the 
annular locking indent 55 of the receptacle shell so that the 
units can be separated. The locking collet ensures that the 
end faces 194 and 195 are held in face-to-face sealing 
engagement until their end openings are sealed shut, so that 
the electrical and optical contacts are always sealed in an 
oil-filled chamber. As the end faces are moved apart, the pins 
100 of the ball locking assembly will be urged outwardly by 
springs 102, forcing the latch balls back up into bores 106 
in the plug shell and locking the actuator 85 against any 
further movement. The end faces 194,195 are not flat, but are 
arranged with a suitable topography to provide the best 
sealing efficiency around the openings 40 and 80. 

[0081] The leaf springs 108 on the plug shell provide a 
reliable, positive return for the sliding seat 32 and bladder 
34, and will release the seat even if the internal spring 48 is 
jammed. At the same time, the collet 92 is coupled to the 
receptacle shell to force the plug actuator to return to its 
extended position, and avoiding the need for a large return 
spring in the plug shell, which could also potentially become 
jammed. This provides a much more reliable return action 
on demating. 

[0082] Each of the throats 26 and 84 has a front end which 
is an oval opening having a perimeter length greater than or 
equal to the perimeter of the end seal portion 38,76 respec- 
tively, and a rear end which is of circular cross-section and 
has a diameter less than the distance across the oval opening. 
As noted above, the throats have opposing side portions 
which taper outwardly from the flat sides of the oval opening 
into the circular portion at the rear end of the throat. Thus, 
as a cylindrical end seal portion enters the rear end of the 
throat, opposite sides will be gradually compressed inwardly 
in a direction transverse to the arrows in FIG. 13, until the 
opening 40 or 80 is squeezed shut and the end portion adopts 
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ihe same elongate oval shape as the end opening in the 
respective throat. Although the openings 40 and 80 are 
eye-shaped in the illustrated embodiment, other non-round 
shapes may alternatively be used which will also minimize 
or reduce internal stresses or bunching of the sealing end 
faces when sealed shut. Such alternative shapes include, for 
example, an elongate oval shape with rounded ends, an 
elongate slot-like shape with triangular or V-shaped ends, as 
illustrated in FIG. 13B, and a star-like shape with concave 
sides and four or more points, as illustrated in FIG. 13A. 

[0083] FIGS. 16 to 19 of the drawings illustrate a modified 
plug unit 200 for connection with the receptacle unit 10 in 
another embodiment of a connector according to the inven- 
tion. Some parts of the plug unit 200 are identical to those 
of the previous embodiment, and like reference numerals 
have been used for like parts as appropriate. Plug unit 200 
basically comprises an outer cylindrical shell 60 in which a 
core module 64 is mounted to extend from a rear end wall 
or back shell 65 of the plug unit towards the open front end 
of shell 60, and a resilient bladder 202 also secured to the 
rear end wall 65 at its rear end and projecting forwardly in 
the shell 60 to form a chamber 204 in which the core module 
64 is enclosed. The bladder 202 includes a thin walled, 
bellows portion 205 and a thicker walled, cylindrical end 
seal portion 206 having an eye-shaped end opening 208 
which communicates with chamber 204 via passageway 210 
through the portion 206. 

[0084] The forward or end seal portion 206 of the bladder 
engages in a throat 84 in a slidably mounted throat member 
85 in the plug shell bore 62, as in the previous embodiment. 
The throat member 85 is releasably locked in the extended 
position by a ball locking assembly 86, exactly as described 
above in connection with the first embodiment. When the 
plug and receptacle units are separate, the end seal portion 
206 will be located in the actuator throat and the end opening 
208 will be pressed into a sealed, closed condition by the 
opposing tapered portions of the throat 84. 

[0085] Rather than an external cover or stand-off 82 as in 
the previous embodiment of the plug unit, the plug unit 200 
has an internal bladder stand-off or sleeve member 212 
which extends within chamber 204 from the end wall 65 to 
the end seal portion 206 of the bladder. The stand-off or 
sleeve member 212 is of any suitable, axially strong material 
to resist collapse of the bladder when the plug and receptacle 
units are connected, and, unlike the external sheath of plug 
unit 12, does not have to be radially compressible. The rear 
end of sleeve member 212 is secured in the rear end wall 65 
by screws or the like, and the forward end 214 is adhesively 
bonded in a suitable annular indent 215 formed in the end 
seal portion 206 of the bladder. 

[0086] As best illustrated in FIG. 16, the stand-off mem- 
ber is generally cylindrical and has a first portion of uniform 
diameter, and a forward, outwardly tapering portion 216. A 
plurality of axially extending, linear slots 218 are formed 
along most of the length of member 212 up to its forward 
end 214, as I illustrated in FIGS. 1 6 and 17. Each slot tapers 
inwardly from the inner diameter of member 212 to its outer 
diameter, as indicated in FIG. 17, so that the slots together 
act as traps for particles in the oil in bladder 202, as will be 
described in more detail below. 

[0087] The mating sequence between the plug unit of 
FIGS. 16 to 18, and the receptacle unit of FIGS. 1 and 3 will 



be very similar to that described above in connection with 
FIGS. 1 to 15, and will therefore not be described again in 
detail. However, it should be noted that, as the units are 
brought together and the throat 85 is pushed inwardly, throat 
85 travels over the outer, compressible bellows portion of 
the bladder, and not over any external stand-off member, so 
that any suitably rigid material such as PEEK may be 
selected for the internal stand-off member 212. Additionally, 
as the parts are secured together and the bladder 30 in the 
receptacle unit is compressed, oil will rush from the chamber 
in the bladder 30 into the plug unit bladder. As the oil rushes 
into chamber 204, it is forced outwardly through the slots 
218, along with any particles which may be contained in the 
oil. Any particles entering chamber 204 outside stand-off 
member 212 will tend to be trapped, due to the small exit 
openings of the slots 218 and the tapered shape which favors 
travel of particles in an outward direction only. The particles 
will tend to settle to the lowest regions of chamber 204, in 
area 222 indicated in FIG. 19, and will therefore be held 
away from the optical interface. The particle entrapment 
may be enhanced by adding a few drops of water to the oil 
which traps particulate material due to it's higher surface 
tension or by means of a convoluted, "sticky" surface. This 
arrangement will therefore help to keep the oil in which the 
optical interface occurs clean and relatively free of particles, 
even after repeated mating and de-mating of the plug and 
receptacle units. 

[0088] FIGS. 20 to 29 illustrate a modified connector 
assembly according to another embodiment of the invention. 
This connector is similar to that of the previous embodi- 
ments, and like reference numerals have been used for like 
parts, as appropriate. In the previous embodiments, the 
forward end portion of each bladder was of cylindrical shape 
or circular cross-section when in a relaxed condition, and 
engaged directly in the throat portion of reduced dimensions 
in the closed and scaled condition. However, where a large 
number of electrical and optical contacts are to be made, the 
required dimensions of the sealing end portion may be so 
large that bunching up will occur in the end face of the seal 
when it is urged into the open condition, reducing the 
effectiveness of the seal between the end portions. This 
problem may be reduced or avoided by reducing the thick- 
ness of the sealing end portion of the bladder, and by 
providing rigid jaws between the end portion and throat 
portion or actuator, in order to force it into the closed and 
sealed condition more effectively. This alternative is illus- 
trated in FIGS. 20 to 29. 

[0089] The connector basically comprises a receptacle 
unit 300 as illustrated in FIG. 23, and a plug unit 302 as 
illustrated in FIG. 22, which are designed to be releasably 
connected together in essentially the same manner as 
described in the previous embodiments. FIGS. 20 and 21 
illustrate the internal components of the units in the fully and 
partially connected condition, respectively. FIGS. 27 and 
28 illustrate the end face of the plug and receptacle, respec- 
tively, in the closed and sealed condition, and FIG. 29 
illustrates the end face of the receptacle in an open, con- 
nected condition. 

[0090] The receptacle unit 300 will first be described in 
more detail with reference to FIGS. 20, 21, 23, 28 and 29. 
Unit 300 basically comprises an outer cylindrical shell 312 
having a bore 15 in which module 304 is mounted to extend 
from a rear wall 18 towards the front end face 314 of the 
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shell. The module 304 is fixed to the rear end wall 18 and 
houses the core module 16 housing electrical and optical 
contacts as well as the conductive leads and fibers extending 
from the contacts through the module to the rear end of the 
unit, as described above in more detail with reference to 
FIGS. 10 and 14. Electrical terminals 22 and an optical fiber 
feed through 24 to the module are provided at the rear end 
of the shell. 

[0091] The forward end of bore 15 is shaped to form a 
tapered throat portion 315 extending up to a shaped opening 
316 at the front end face of the shell (see FIG. 28). A first 
bladder or resilient sleeve member 317 has a rear end 
secured to the rear end wall 18 and projects forwardly over 
contact module 16 with its forward end secured in a sliding 
seat 32 slidably mounted in the receptacle bore 15. Sleeve 
member 317 defines a first oil-filled chamber within the 
receptacle bore 15. A second bladder or resilient sleeve 
member 308 has a rear end secured to the sliding seat 32, a 
flexible, relatively thin-walled portion which forms a second 
oil-filled chamber, and a resilient end portion 318 located in 
the throat portion 315 of the shell. The end portion 318 has 
a through bore 320 communicating at one end with chamber 
36, and forming a scalable opening 322 at its front end face 
324. As in the previous embodiments, the opening 322 is of 
generally elongated, eye-like shape when fully open, as 
illustrated in FIGS. 22 and 25. However, unlike the previ- 
ous embodiments, the end portion 318 is not of completely 
circular cross-section when the opening 322 is urged into the 
open condition. Instead, the end portion 318 has thinner 
walls than in the previous embodiments, and is of generally 
elongated shape with opposite end walls 325. Opposing 
rigid jaws 326,328 have inner faces 330 which act on 
opposite sides of the end portion 318 in a seal closing 
direction when the jaws and end portion 318 are located in 
the throat portion 315, as indicated in FIGS. 23 and 28. In 
the illustrated embodiment, the inner faces 330 of the jaws 
are flat. However, they may be of other shapes and may be 
knurled in alternative embodiments. In this embodiment, the 
jaws 326,328 have end portions with a generally flat inner 
face and curved outer face, as illustrated in FIG. 28. The 
shaped opening 316 at the front face of the shell is of shape 
matching that of the elongated end portion 318 and sector 
shaped jaws, as indicated in FIG. 28. The throat will be 
tapered gradually inwardly up to the opening 316, as in the 
previous embodiments. 

[0092] The jaws 326 and 328 are each pivotally mounted 
on pivot pins 331 on the sliding seat 32, as best illustrated 
in FIGS. 22 and 27, and each have a pair of arms 332,334, 
respectively, connecting the respective jaws 326,328 to the 
pivoted ends of the jaws. A bore 335 extends inwardly from 
the end face of each jaw, and communicates with a reduced 
diameter seat 336, as best illustrated in FIG. 26. 

[0093] Apart from the reduced thickness and modified 
shape of the bladder end portion 318, and the provision of 
jaws 326,328 for forcing the end portion into the closed 
position when the jaws and end portion enter the throat or 
actuator, there are some other differences between the recep- 
tacle unit 300 and that of the previous embodiments. Instead 
of positioning a return spring 48 within chamber 33 for 
biasing the sliding seat back into the extended position, an 
external return spring 338 is provided between the end wall 
18 and seat 32. litis permits the bladder 30 to be of smaller 
diameter, such thai it does not have to pump as much fluid 



when moving between the expanded and compressed posi- 
tions. Additionally, the stand off member 42 of the previous 
embodiment is replaced with stand off member 306, as best 
illustrated in FIG. 30. The receptacle unit is otherwise 
identical to that of the previous embodiments and, as noted 
above, like reference numerals have been used for like parts 
as appropriate. Stand off member 306 has a smaller diam- 
eter, cylindrical rear end portion 339 secured to seal 32, a 
pair of forwardly directed arms 340 extending from end 
portion 339, and a forward end portion 341 embedded in 
sealing end portion 318 of bladder 308. End portion 341 is 
of similar shape to the end portion 318 in its open position, 
and has a series of axial grooves 347 for permitting radial 
compression but resisting axial compression. 

[0094] The plug unit 302 will now be described in more 
detail with reference to FIGS. 20, 21, 22 and 27. Plug unit 
302 basically comprises an outer shell 60 which is similar to 
the outer shell of the previous embodiments, in which a 
bladder member 310 is mounted to extend from the rear end 
wall towards the open front end 66 of the shell. The bladder 
member 310 is fixed to the rear end wall of shell 60 and 
houses the module 116 of FIG. 11, carrying the electrical 
and optical contacts as well as the conductive leads and 
fibers providing connection from the electrical terminals and 
optical fiber pass through al the rear end 72 of shell 60 to the 
respective contacts, as described above in connection with 
the previous embodiment of FIGS. 11 and 15. The resilient 
bladder 310 has its rear end secured to the rear end wall or 
base 65, and projects forwardly over the module 116, 
forming an oil-filled chamber 78 within which module 116 
is sealed when the units are not connected. Bladder 310 
terminates in a forward end seal portion 342 which has a 
forward, end opening 344 of the same elongated, eye-like 
shape as the end opening 322 in the receptacle seal portion 
318 when open. A stand-off member 309 as illustrated in 
FIG. 25 extends from the end wall 65 and has a rear end 370, 
a pair of arms 372 projecting from the rear end, and a 
forward end 345 embedded in the forward end seal portion 
342 to resist axial compression of bladder 310, in a similar 
manner to stand-off member 212 of FIG. 16. Spaced axial 
grooves 374 are also provided in the forward end of stand- 
off member 309. 

[0095] The forward end portion 342 of the bladder 310 
engages in a throat or through bore 346 of an actuator or 
throat member 348 which is slidably mounted in the plug 
shell bore 62 and which is releasably locked in the extended 
position illustrated in FIG. 22 by means of a ball locking 
assembly 86 which is identical to the like-numbered locking 
assembly of the previous embodiment, and therefore will not 
be described in more detail in connection with this embodi- 
ment. The actuator 348 has a front end face which is spaced 
rearwardly from the open front end 66 of the plug shell. As 
in the case of the actuator 85 of the previous embodiment, 
actuator 348 has a throat with opposing tapered side portions 
tapering inwardly from the rear end to the front end of the 
actuator, terminating in an end opening 350. 

[0096] The sealing end portion 342 of the bladder 310 is 
not of completely circular cross-section when the opening 
344 is urged into the open condition. Instead, the end portion 
342 has thinner walls than in the previous embodiments, and 
is of generally elongated shape with opposite end walls 352, 
as best illustrated in FIG. 27. Opposing rigid jaws 354,355 
have inner faces 356 which act on opposite sides of the end 
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portion 342 in a seal closing direction when the jaws and end 
portion 342 are located in the throat of actuator 348, as 
indicated in FIGS. 22 and 27. In the illustrated embodiment, 
the inner faces 356 of the jaws are flat. However, they may 
be of other shapes and may be knurled in alternative 
embodiments. In the exemplary embodiment, the jaws 326, 
328 have end portions of the shape illustrated in FIG. 27 
with generally flat inner faces and a curved outer face. The 
shaped opening 350 at the front face of the actuator 348 is 
of shape matching that of the elongated end portion 342 and 
sector shaped jaws, as indicated in FIG. 23. The throat will 
be tapered gradually inwardly up to the opening 350, as in 
the previous embodiments. 

[0097] Each jaw . 354355 has a pair of arms 357,358, 
respectively, extending rearwardly from opposite sides of 
the jaw and pivotally mounted at the rear end wall 65 on 
pivot pin 360, as best illustrated in FIGS. 21 and 27. A 
return pin 362 projects forwardly from the front end face of 
each jaw, and is positioned for alignment with the bore 335 
in the opposing jaw 326,328, respectively, of the receptacle 
unit. Each pin 362 has an enlarged, circular head 364 with 
an annular groove in which an O-ring seal 365 is seated, as 
best illustrated in FIG. 26. 

[0098] The mating sequence of the plug and receptacle 
units 300,302 will now be described in more detail, focusing 
on the parts of this embodiment which differ from the 
previous embodiments. The plug and receptacle units are 
shown separate and in an unmated, sealed condition in 
FIGS. 22, 23, 27 and 28. In this condition, the end seal 
portion 318 of the receptacle unit is located in its fully 
extended position in the throat portion of the receptacle 
shell, and the jaws 326328 are forced into the closed 
position by the reduced height end portion of the throat, 
sealing and closing the end opening 322. Similarly, the 
actuator 348 of the plug unit will be in the extended position, 
with the throat engaging the jaws 354355 and urging them 
towards one another into the closed position of FIG. 21, 
simultaneously sealing and closing the end opening 344. As 
the units are brought together, the front end of the receptacle 
shell 312 will first engage in the open forward end 66 of the 
plug shell 60. As the front end faces of the opposing jaws 
and sealing end portions are brought together, the heads 364 
of the return pins 362 will first enter the aligned bores 335 
of the jaws 326 and 328, eventually snapping through the 
reduced diameter portion of the respective bores, and ini- 
tially resting on seats 336, as best illustrated in FIG. 26. 
Eventually, as the receptacle moves further inwardly, pins 
362 will extend farther into bores 335. 

[0099] As the receptacle shell is forced inwardly, the ball 
locking assembly will be released in the manner described 
above in connection with the previous embodiments, and the 
plug actuator 348 will be urged rearwardly into the plug 
shell, while the end faces of the two end portions 318342 
will be urged into face-to-face sealing engagement. The 
forward end portion 342 will force the end portion 318 
inwardly, exactly as described above in connection with the 
previous embodiments. Both forward end portions will slide 
completely through the throat portion of the receptacle shell 
and into the cylindrical portion of the shell bore to the rear 
of the throat portion, along with the respective jaws, as the 
sliding seat 32 is urged rearwardly, compressing the spring 
338. Since the diameter of the cylindrical portion is less than 
the distance between the opposite end faces 324 and 352 



when in the closed and sealed condition, the movement of 
the two end portions 318,242 into this cylindrical portion 
will compress each end face 324 and 352 inwardly, causing 
each end portion to adopt the open shape illustrated in FIG. 
29, respectively, and simultaneously forcing the jaws to 
open. Aligned pairs of slots or indents 380, illustrated in 
FIG. 28, aligned with the respective jaws on the end face of 
the receptacle unit accommodate movement of the arms of 
each jaw as it opens. Similar slots will be provided in the end 
face of plug actuator 348. Opening of the sealing end 
portions allows the core modules carrying the contacts to 
move through the seal openings and into mating engage- 
ment, exactly as described above in connection with the 
previous embodiments. 

[0100] When the mated units are to be separated, the 
receptacle unit is pulled back out of the plug shell. The 
return pins 362 engaging in the seats in the opposing jaws 
will help to return the receptacle seat 32 even if the spring 
338 should become stuck and jammed, since extra force will 
be required to pull the heads 364 out of the seals in order to 
separate the jaws, and this will also help to pull out the seat 
32, to which the jaws are attached. This extra force, in turn, 
will also help to release the spring 338. As the receptacle unit 
is retracted, the actuator 348 will be biased back into its 
extended position, engaging the jaws 354355 and forcing 
them inwardly in the seal closing direction in order to close 
and seal the opening 344. The sliding seat 32 will also 
extend, moving the jaws 326328 and the enclosed end 
portion 318 back into the throat portion of the receptacle 
shell, forcing the opening 322 closed. The eye like shape of 
the openings 322 and 344 ensures that the openings may be 
squeezed shut more readily, and reduces the amount of 
bunching up of the seal material as the sealing end portions 
are compressed, which could reduce the effectiveness of the 
seal. At the same time, due to the reduced thickness of the 
end portion of each seal as compared to the previous 
embodiments, there will be relatively less material to be 
compressed, since part of the material on each side is 
removed and replaced with a rigid jaw. This further reduces 
the bunching up effect, and is particularly useful for con- 
nectors requiring larger cross-sectional dimensions due to 
increased numbers of contacts. 

[0101] Although the openings in the seals in the embodi- 
ments of FIGS. 20 to 29 are shown to be elongated or eye 
shaped, these openings may alternatively be round or of 
other non-elongated shapes, for example as illustrated in 
U.S. Pat. No. 6315,461 referred to above, the contents of 
which are incorporated herein by reference. This is because 
the jaws will augment the seal closing force and thus permit 
improved sealing in the case of a round seal opening. 

[0102] The underwater electro-optical connector of this 
invention is of simple, compact construction and provides 
for connection of electrical circuits of high voltage and 
current capacity, as well as connection of a large number of 
optical fibers, and is therefore particularly suitable for the 
telecommunications industry. All of the electrical and opti- 
cal contacts on each side of the connector are sealed in a 
single, oil-filled chamber and are provided on a single basic 
core module, considerably simplifying construction and 
making the plug and receptacle units more compact. 

[0103] Although some exemplary embodiments of the 
invention have been described above by way of example 
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only, it will be understood by those skilled in the field that 
modifications may be made to the disclosed embodiments 
without departing from the scope of the invention, which is 
defined by the appended claims. 

We claim: 

1. An underwater connector, comprising: 

a plug unit having a forward end, a rear end, and a hollow 
body; 

a first member mounted in the hollow body and forming 
an internal chamber, the member having a resilient 
forward end portion having an opening communicating 
with the internal chamber, at least one contact member 
mounted in the chamber in alignment with the opening; 

a receptacle unit having a hollow body, a forward end, and 
a rear end and adapted for mating engagement with the 
plug unit; 

a second member mounted in the hollow body of the 
receptacle unit and having an internal chamber and a 
resilient forward end portion having an opening com- 
municating with the internal chamber, and at least one 
contact member in the chamber in alignment with the 
opening; 

the resilient forward end portions of the members having 
forward end faces in face-to-face sealing engagement 
when the units are mated together; 

the plug and receptacle units each having an actuator 
acting in a first, seal closing direction compressing the 
resilient end portion of the respective member to close 
and seal the respective opening when the units are 
unmated, and for permitting opening of the respective 
openings when the plug and receptacle units are mated 
together with the end faces in sealing engagement, 
whereby at least one of the contact members can pass 
through the aligned openings in the resilient end por- 
tions of the members to engage the other contact 
member; 

the openings in the resilient end portions each having an 
aperture in the respective forward end face; and 

clamping means acting in the seal closing direction to 
augment the seal closing force. 

2. The connector as claimed in claim 1, wherein each 
aperture is elongated in a direction transverse to the first, 
seal closing direction. 

3. The connector as claimed in claim 2, wherein each 
aperture is eye-shaped. 

4. The connector as claimed in claim 3, wherein each 
resilient end portion has an upper and lower edge of shape 
substantially matching that of the adjacent edge of the 
eye -shaped opening when the openings are open, and oppo- 
site end faces, the actuator acting to urge the end faces 
inwardly in a second, seal opening direction when the plug 
and receptacle units are mated together. 

5. The connector as claimed in claim 1, wherein each 
actuator comprises a rigid, shaped throat having a forward 
end facing the opposing actuator as the units are mated 
together, each shaped throat having opposing, inwardly 
tapering portions extending up to the forward end for 
squeezing corresponding opposing portions of the opening 
of the respective forward end portion inwardly to close and 
seal the opening when the units are unmated. 



6. The connector as claimed in claim 5, wherein the 
forward end of each shaped throat has an oval, slot-shaped 
end opening having a first, wider dimension along the length 
of the slot-shaped opening and a second, narrower dimen- 
sion across the width of the slot-shaped opening, the nar- 
rower dimension being of predetermined size to squeeze the 
opening in the respective sleeve end portion into a closed 
and sealed condition. 

7. The connector as claimed in claim 1, wherein the 
actuator in the plug unit is slidably mounted in the body of 
the plug unit and is movable between an extended position 
in which it engages the respective end portion to squeeze the 
opening shut, and a retracted position in which it is pushed 
back over the end portion to allow the opening to open. 

8. The connector as claimed in claim 7 including a seat 
slidably mounted in the receptacle unit, the second member 
being mounted on said seat for movement between an 
extended position in which the resilient end portion is 
engaged in the actuator and the opening is squeezed shut, 
and a retracted position in which the resilient end portion is 
retracted from the actuator and allowed to open, the respec- 
tive slidable actuator and second member moving into their 
retracted positions when the units are mated together. 

9. The connector as claimed in claim 8, including a return 
device on said plug unit for engaging said sliding seat when 
the units are mated together and comprising means for 
returning said seat and second member to the extended, 
sealed position when the units are separated. 

10. The connector as claimed in claim 9, wherein the 
receptacle body has an axial slot, the sliding seat has a pin 
projecting radially outwardly through said slot, and the plug 
body has an inwardly directed resilient member for engaging 
in said slot behind said pin when said units are mated 
together, said resilient member comprising said return 
device. 

11. The connector as claimed in claim 7, including a latch 
assembly on said plug body for releasably latching said plug 
unit actuator in said extended position when the units are 
unmated. 

12. The connector as claimed in claim 11, wherein the 
plug unit actuator and the receptacle body have front end 
faces which engage when the units are mated together, the 
plug body and actuator having aligned radial bores, the latch 
assembly including at least one spring loaded pin projecting 
outwardly from said actuator front end face for engaging the 
front end face of the receptacle body, and a latch member 
extending through said aligned latch bores in said extended 
position of said actuator to prevent axial or rotational 
movement of said actuator, whereby engagement of the front 
end face of the receptacle body with said pin as said units are 
mated urges said pin inwardly and releases said latch mem- 
ber to move inwardly out of the latch bore in said plug body, 
permitting movement of said actuator from said extended 
position to said retracted position. 

13. The connector as claimed in claim 12, wherein said 
plug body and actuator have a first pair of aligned radial 
bores and a second pair of aligned radial bores diametrically 
opposite said first pair, and said htch assembly comprises a 
pair of diametrically spaced pins on opposite sides of said 
first member movable between an extended position pro- 
jecting outwardly from the front end face of said actuator 
and a retracted position retracted into said actuator, and a 
pair of latch members movably mounted in the respective 
pair of aligned bores, each latch member being urged 
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outwardly by the respective pin to project into the aligned 
bore in the plug body when the pins are in the extended 
position, and being free to drop inwardly out of the respec- 
tive bore in the plug body when the pins are urged inwardly 
into their retracted positions by the front end face of said 
receptacle body as the units are mated together. 

14. The connector as claimed in claim 13, wherein said 
latch members comprise balls. 

15. The connector as claimed in claim 1, wherein each 
contact member has a plurality of electrical and optical 
contacts for engagement with corresponding contacts on the 
other contact member. 

16. The connector as claimed in claim 1, wherein the plug 
and receptacle member each include a pair of spaced, 
pivotally mounted opposing rigid jaws, the jaws being 
mounted on opposite sides of the respective forward end 
portions for movement towards one another in the seal 
closing direction transverse to the longitudinal axis of the 
aperture, and being located between the respective actuator 
and the end portion. 

17. The connector as claimed in claim 16, wherein each 
jaw has a flat inner face. 

18. The connector as claimed in claim 17, wherein each 
jaw has an arcuate outer face. 

19. The connector as claimed in claim 16, wherein each 
jaw has at least one arm extending in a direction away from 
the forward end of the respective unit outside the respective 
first and second members, the arm having an inner end 
pivotally mounted in the body of the respective unit for 
permitting movement of the jaw between an open position in 
which the end portion opening is open and a closed position 
in which the jaws urge the end portion inwardly into the 
closed and sealed position. 

20. The connector as claimed in claim 16, wherein each 
actuator comprises a rigid, shaped throat having a forward 
end facing the opposing actuator as the units are mated 
together, each shaped throat having opposing, inwardly 
tapering portions extending up to the forward end for 
squeezing the opposing jaws inwardly in a seal closing 
direction to close and seal the opening when the units are 
unmated, the forward end of each shaped throat having an 
end opening matching the peripheral shape of the end 
portion and jaws in the closed, sealed position. 

21. The connector as claimed in claim 16, wherein each 
jaw has a substantially flat forward end face, each jaw of one 
pair having a bore extending inwardly from the end face and 
a seat of reduced diameter within the bore, and each jaw of 
the other pair having a projecting return pin having an 
enlarged head for releasable snap engagement with the seat 
of the bore in the opposing jaw when the units are mated. 

22. The connector as claimed in claim 21, wherein the 
enlarged head of each return pin has an outer periphery and 
a resilient O-ring seal is secured around said outer periphery 
for engagement with said seat as the units are unmated, 
whereby force is required to separate the return pin from the 
seat. 

23. The connector as claimed in claim 16, including a seat 
slidably mounted in the receptacle unit, the second member 
being mounted on said seat for movement between an 
extended position lin which the resilient end portion and 
jaws are engaged in the actuator and the opening is squeezed 
shut, and a retracted position in which the resilient end 
portion and jaws are retracted from the actuator and allowed 
to open, the second member moving into the retracted 



position as the units are mated together, and the jaws being 
pivotally mounted on the sliding seat. 

24. The connector as claimed in claim 23, wherein each 
jaw has an outer end face which is aligned with the outer end 
face of an opposing jaw in the other unit as the units are 
mated together, the opposing jaws having snap engageable 
return formations which are releasably engaged when the 
units are mated, the snap engageable return formations 
comprising a return device for returning the seat and second 
member to the extended, sealed condition when the units are 
separated. 

25. The connector as claimed in claim 24, wherein the 
return device comprises a pin projecting from the outer end 
face of each jaw in one of the units, the pin having an 
enlarged head, and a bore in the outer end face of each jaw 
in the other unit for receiving the respective pin as the units 
are mated, the bore having a seat for releasable snap 
engagement with the enlarged head of the pin. 

26. An underwater connector, comprising: 

a plug unit having an open forward end, a closed rear end 
wall, and a bore extending from the rear end to the open 
forward end; 

a first bladder member mounted in the plug bore and 
extending from the rear end towards the open front end 
of the plug unit, the bladder member having an expan- 
dible bellows portion defining a first internal, oil-filled 
chamber and a resilient forward end portion having a 
front end face and a passageway connecting the front 
end face to the first chamber; 

a first contact module having a rear end secured to the rear 
end wall of the plug unit and projecting forwardly 
within the bladder member into said oil filled chamber 
in alignment with said passageway, the contact module 
having a front end having a plurality of electrical and 
optical contacts; 

a receptacle unit having a forward end, a rear end wall, 
and a bore extending from said rear end wall to said 
forward end, and adapted for releasable mating engage- 
ment with said plug unit; 

a second bladder member mounted in the bore and having 
a second internal, oil-filled chamber and a resilient 
forward end portion having a front end face for sealing 
engagement with the front end face of the first bladder 
member when the units are mated, the forward end 
portion having a passageway connecting the front end 
face to the second chamber. 

a second contact module having a rear end secured to the 
rear end wall of the receptacle unit and a front end, the 
second contact module projecting forwardly into said 
second bladder member with the front end in said 
second oil-filled chamber, the front end having a plu- 
rality of electrical and optical contacts for contact with 
corresponding electrical and optical contacts at the 
front end of the first module when the units are mated 
together; 

the plug and receptacle units each having an actuator for 
compressing the resilient end portion of the respective 
bladder member to close and seal the respective pas- 
sageway when the units are unmated, and for permit- 
ting opening of the respective passageways when the 
units are mated together with the front end faces of the 
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bladder members in sealing engagement, whereby at 
least one of the contact modules can pass through the 
aligned passageways into the chamber containing the 
front end of the other contact module until the front 
ends of the respective modules are in contact engage- 
ment; and 

a pair of rigid hinged jaws in each unit located between 
opposite faces of the respective resilient end portion 
and the actuator in the seal closing direction, each 
actuator acting on the respective end portion through 
the jaws by urging the jaws towards one another in the 
seal closing direction when the units are'unmated, and 
permitting the jaws to move apart and allow the end 
portion opening to open when the units are mated. 

27. The connector as claimed in claim 26, wherein the 
plug unit actuator is movable in said bore between an 
extended position in which the actuator urges said jaws 
towards one another to compress and seal the passageway in 
the forward end portion of the first bladder member, and a 
retracted position in which the forward end portion is 
allowed to open, and the forward end portion of said second 
bladder member is movable in said receptacle unit between 
an extended position in which it is located in the receptacle 
unit actuator, said jaws are closed and said passageway is 
sealed shut, and a retracted position in which it is retracted 
rearwardly from said actuator and said passageway is 
allowed to open, whereby as said units are mated together, 
the forward end of said receptacle unit enters the plug unit 
bore and urges said plug unit actuator rearwardly to said 
retracted position, and the forward end of the first bladder 
member engages the forward end of said second bladder 
member to urge the forward end portion rearwardly into said 
retracted position, whereby the second contact module trav- 
els through the aligned passageways in the forward end 
portions of said second and first bladder members, respec- 
tively, and into mating engagement with the front end of said 
first contact module. 

28. The connector as claimed in claim 26, including a 
sliding seat slidably mounted in said receptacle unit bore and 
having a through bore, the second bladder member having a 
rear end secured to said sliding seat, and a third oil-filled 
bladder member having a rear end secured to said rear end 
wall of said receptacle unit and a forward end secured to said 
sliding seat, the sliding seat being urged rearwardly between 
an extended position and a retracted position when said units 
are mated together, the second contact module extending 
from said rear end wall through said third bladder member 
and seat and into said second bladder member. 

29. The connector as claimed in claim 28, including a 
return device on said plug unit for engaging said sliding seat 
when the units are mated together, the return device com- 
prising means for moving said sliding seat and second 
bladder member back to the extended position when said 
units are unmated. 

30. The connector as claimed in claim 28, including a 
biasing spring surrounding said third bladder member and 
extending between said rear end wall and sliding seat for 
biasing said sliding seal towards said extended position. 

31. The connector as claimed in claim 28, wherein the 
jaws in said receptacle unit are pivotally mounted on said 
sliding seal and extend from said sliding seat forwardly on 
opposite sides of said second bladder member up to said 
forward end portion. 



32. The connector as claimed in claim 26, wherein the 
electrical contacts on one of said modules comprise al least 
two electrical sockets, and the electrical contacts on the 
other module comprise at least two conductive probes for 
engagement in said sockets when the units are mated 
together, the electrical contacts being provided on one side 
of the respective forward end of the modules. 

33. The connector as claimed in claim 32, wherein the 
module having said electrical sockets has at least two 
sealable openings in said front end, an annular seal member 
mounted in each sealable opening and each electrical socket 
being aligned and in communication with said seal member 
and spaced rearwardly from said seal member, a resiliency 
biased stopper of non-conductive material movably dis- 
posed and sealably engaged within the annular seal member 
when the units are not mated, each conductive probe being 
adapted for insertion through the respective annular seal 
member to urge the stopper rearwardly and engage in the 
electrical socket when the units are mated together. 

34. The connector as claimed in claim 32, including an 
optical ribbon connector having a first contact ferrule 
mounted at the front end of the first module and a second 
contact ferrule mounted at the front end of the second 
module, the ferrules being mounted on the opposite side to 
said electrical sockets and probes, respectively, a first optical 
fiber ribbon extending from the first contact ferrule through 
said first module and a second optical fiber ribbon extending 
from said second contact ferrule through said second mod- 
ule, the fiber ribbons being unrestrained in said respective 
oil-filled chambers along at least part of their length. 

35. The connector as claimed in claim 26, including a 
stand-off member of rigid material extending in said first 
chamber from said rear end wall to said forward end portion 
for resisting collapse of said first bladder member when said 
units are mated together. 

36. The connector as claimed in claim 35, wherein said 
stand-off member has a rear end secured to said rear end 
wall, a forward end of cross-section shape substantially 
matching the shape of said end portion when said opening is 
open, the forward end being embedded in said forward end 
portion, and at least two arms securing said rear end to said 
forward end, said arms resisting axial compression of said 
stand-off member. 

37. The connector as claimed in claim 36, wherein the 
forward end of said stand-off member has an outer surface 
having a plurality of axially extending grooves. 

38. An underwater connector, comprising: 

a plug unit having a forward end, a rear end, and a hollow 
body; 

a first member mounted in the hollow body and forming 
an internal chamber, the member having a resilient 
forward end portion having an opening communicating 
with the internal chamber, at least one contact member 
mounted in the chamber in alignment with the opening; 

a receptacle unit having a hollow body, a forward end, and 
a rear end and adapted for mating engagement with the 
plug unit; 

a second member mounted in the hollow body of the 
receptacle unit and having an internal chamber and a 
resilient forward end portion having an opening com- 
municating with the internal chamber, and at least one 
contact member in the chamber in alignment with the 
opening; 
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the resilient forward end portions of the members having 
forward end faces in face-to-facc sealing engagement 
when the units are mated together; 

the plug and receptacle units each having an actuator 
acting in a first, seal closing direction compressing the 
resilient end portion of the respective member to close 
and seal the respective opening when the units are 
unmated, and for permitting opening of the respective 
openings when the plug and receptacle units are mated 
together with the end faces in sealing engagement, 
whereby at least one of the contact members can pass 
through the aligned openings in the resilient end por- 
tions of the members to engage the other contact 
member; 

the openings in the resilient end portions each having an 
aperture in the respective forward end face; and 

each actuator comprising a pair of opposing, rigid jaws 
pivotally mounted in the respective body on opposite 
sides of respective end portion, the jaws moving 
towards one another in the seal closing direction 
between an open portion and a closed position in which 
they compress the resilient end portion to close and seal 
the respective opening. 

39. The connector as claimed in claim 38, wherein each 
aperture is of predetermined non-circular shape and dimen- 
sions comprising means for reducing internal stress in the 
resilient end portion when the opening is sealed shut. 

40. The connector as claimed in claim 38, wherein each 
unit has a rigid, shaped throat having opposing, inwardly 
tapering portions extending towards the forward end of the 
respective unit, the jaws and end portions of each unit being 
located in the throat when the units are unmated, and the 
throat comprising means for urging the jaws inwardly into 
the closed position with the resilient end portion being 
compressed into the closed and sealed position. 

41. The connector as claimed in claim 40, wherein each 
resilient end portion in the closed and sealed condition has 
oppositely directed ends in a direction transverse to the seal 
closing direction, the plug unit throat being movable in said 
bore between an extended position in which the inwardly 
tapering portions of the throat urge said jaws into the closed 
position, and a retracted position in which said throat is 
located rearward of said jaws and end portion, and the jaws 
and forward end portion of said second member are movable 
in said receptacle unit between an extended position in 
which said jaws and forward end portion are located in said 
throat, and a retracted position in which said jaws and 
forward end portion are retracted rearwardly from said 
throat, the receptacle unit body rear of said throat including 



portions for acting against the ends of the resilient end 
portions of both members to urge them inwardly towards 
one another in a seal opening direction, simultaneously 
pushing said jaws outwardly into an open position when the 
units are mated together. 

42. An underwater connector, comprising: 

a plug unit having a forward end, a rear end, and a hollow 
body; 

a first member mounted in said hollow body and forming 
an internal chamber, the member having a resilient 
forward end portion having an opening communicating 
with the internal chamber, at least one contact member 
mounted in the chamber in ab'gnment with the opening; 

a receptacle unit having a hollow body, a forward end, and 
a rear end, and adapted for mating engagement with 
said plug unit; 

a second member mounted in the hollow body of the 
receptacle unit and having an internal chamber and a 
resilient forward end portion having an aperture com- 
municating with the internal chamber, at least one 
contact member mounted in the chamber in alignment 
with the aperture; 

the resilient forward end portions having forward end 
faces in face-to-face sealing engagement when the units 
are mated together; 

each forward end portion being compressible in a seal 
closing direction between an open position in which 
said aperture is open and a closed position in which said 
aperture is sealed shut by urging opposing surface 
portions of the periphery of the aperture into face-to- 
face sealing engagement; and 

each unit having a pair of opposing rigid jaws pivotally 
mounted in said body and located on opposite sides of 
said forward end portion in the seal closing direction, 
and an actuator for urging said jaws in said seal closing 
direction between an open position and a closed posi- 
tion in which said jaws are moved towards one another 
to compress said forward end portion into said closed 
and sealed shut condition when the units are unmated, 
and for permitting said jaws to move into said open 
position and said resilient end portions to open when 
the plug and seal units are mated together, whereby at 
least one of the contact members can pass through the 
aligned openings in the resilient end portions of the 
members to engage the other contact member. 

***** 



